To investigate whether the control of morning blood pressure (MBP) reflects the control of blood pressure (BP) in other periods (daytime, nighttime and 24-hour) and to assess whether morning BP displays a closer association with subclinical target organ damage (TOD) than the BP measured in other periods.
Introduction
Ischemic stroke and coronary events often occur in the early morning. [1] [2] [3] [4] Blood pressure (BP) also usually increases in early morning during awakening hours. [5] [6] This parallel phenomenon suggests that high BP in the morning may be particularly important for the occurrence of cardiovascular events. Recent studies have established this association. [7] [8] Morning BP is assessed using ambulatory BP monitoring (ABPM) and home BP monitoring. Morning hypertension is defined as morning BP ≥135/85 mm Hg for both ABPM and home BP monitoring, according to the expert recommendations on the management of morning hypertension published by the Council on Hypertension of the Chinese Society of Cardiology. [9] Morning hypertension is associated with a risk of cardiovascular events. [10] Morning BP may be a critical factor for the incidence of cardiovascular events and the management of hypertension.
describing the ability of BP measured in each period to predict subclinical target organ damage (TOD) are not consistent. [12] [13] [14] [15] [16] [17] Compared with other periods, researchers have not yet clearly determined whether morning BP is more closely related to subclinical TOD. Therefore, the aim of our study is to answer these 2 questions.
Patients and methods

Study population
A cross-sectional study of hypertensive patients from the Outpatient and Inpatient Departments in West China Hospital of Sichuan University was conducted. All patients were recruited between January 2015 and December 2015. Patients who completed the subclinical TOD detection (including the urinary albumin/creatinine ratio (UACR), carotid intima-media thickness (IMT), and echocardiography) and ABPM were included. Participants were excluded from the analysis if any 1 of the following conditions existed:
(1) Hypertensive urgency or emergency, (2) Confirmed secondary hypertension, (3) Hepatic or renal insufficiency (serum creatinine > 260 mmol/L or serum aspartate aminotransferase/alanine aminotransferase level > 2 times the upper limits of normal), (4) Malignant tumor, (5) A history of cerebrovascular or mental disease, and (6) Acute myocardial infarction or heart failure within 6 months.
Finally, the data from 1140 patients were included in the analysis. The Medical Ethics Committee of West China Hospital affiliated with Sichuan University approved all of the procedures.
Data collection
As described in our previous surveys, the eligible subjects were asked to complete a questionnaire, including data on age, gender, alcohol consumption, cigarette smoking, and classes of antihypertensive medications prescribed. [18, 19] The body mass index was calculated as the weight in kg/height in meters squared (kg/ m 2 ). Fasting blood glucose, total cholesterol (TC), low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglyceride (TG), uric acid, and creatinine levels and the UACR was tested in the Department of Laboratory Medicine in West China Hospital of Sichuan University. [20, 21] A UACR≥30 mg/g was defined as microalbuminuria.
Carotid ultrasonography
The IMT was measured by an experienced sonographer using a Philips CX50 color Doppler ultrasound system, an L12 to 3 probe, and the QLab software (Phillips Medical Systems). An IMT > 0.9 mm was defined as carotid wall thickening. [22] 
Transthoracic echocardiography
Transthoracic echocardiography was conducted by experienced operators who performed at least 1000 such procedures annually and who were blinded to the participants' ABPM results. The measurement was conducted using the GE Vivid E9 color Doppler ultrasound detector with an M5S probe (GE Health-care). The linear method with M-mode tracing was used to measure the end-diastolic interventricular septal wall thickness (IVS), left ventricular end-diastolic diameter (LVID), and enddiastolic posterior wall thickness (PWT). LAD was defined as the anteroposterior dimension of the left atrium, measured in the parasternal long-axis view. The left ventricular mass (LVM; in grams) was then calculated using the following formula: LVM = 0.8 Â 1.04 Â [(IVS + LVID+PWT) 3 -LVID 3 ] + 0.6. LVM index (LVMI) was calculated as LVM/body surface area. LVH was defined as an LVMI ≥125g/m 2 for men and ≥110g/m 2 for women. [ [9, 21] Hypertension was defined as the presence of at least 1 of the following conditions:
(1) 24-hour BP ≥130/80 mm Hg, (2) daytime BP ≥135/85 mm Hg, (3) nighttime BP ≥120/70 mm Hg, and (4) taking antihypertensive drugs.
The nocturnal BP dipping rate was calculated based on the systolic BP (SBP) as follows: (daytime SBP À nighttime SBP)/ (daytime SBP) Â 100%. Furthermore, the nocturnal dipping status was classified into 4 categories according to the dipping rate:
(1) dipper (≥10% but < 20%), (2) nondipper (≥0% but < 10%), (3) extreme dipper (≥20%), and (4) reverse dipper (<0%). [24] 2.6. Statistical analysis Categorical variables are presented as numbers and percentages (n, %). Continuous variables are presented as means ± standard deviations. Differences in baseline characteristics between 2 groups were analyzed using independent t tests for normally distributed variables, the nonparametric Mann-Whitney or Wilcoxon test for skewed variables, and the Chi-square test for categorical variables. Pearson correlation analysis was used to determine the correlation between the BP measured in each period and subclinical TOD. The cut off values for uncontrolled morning BP (MBP), diastolic BP, nighttime BP (NBP), and 24hour BP were established according to the guideline. Kappa consistency was performed to assess the consistency of control rates between MBP and BP measured in other periods. A multivariate stepwise linear regression analysis was used to analyze the association between the BP measured in each period and subclinical TOD. Because subclinical TOD is mainly related to the SBP, the analysis used SBP as a dependent variable. Additionally, the discriminatory power of BP measured in each 
Result
Basic characteristics of the subjects
The general characteristics of the subjects are shown in Table 1 Table 1 ). The non-treatment group shared higher MBP, daytime BP and 24-hour BP (all P < .05, Table 2 ), but not nighttime SBP and LVMI. The rates of morning hypertension in 2 groups were not significantly different (P = .445, Table 2 ). Table 3 reveals the positive correlations between MBP with daytime, nighttime and 24-hour BP (all P < .01), and the correlation with nighttime BP was the weakest. The Kappa consistency analysis revealed that the rate of MBP control displayed good consistency with daytime BP, but poor consistency with NBP and 24-hour BP (Fig. 1) . Particularly in the treatment group, among the patients with controlled MBP (<135/85 mm Hg, N = 300), approximately 23.7% of subjects did not achieve control of 24-hour BP, 9.7% did not achieve control of daytime BP and 39.4% did not achieve control of nighttime BP. These patients presented a higher IMT and UACR, as shown in Table 4 . Table 3 Relationship between MBP and other periods' BPs in subjects.
Relationship between MBP and BP measured in other periods
(a) Table 5 shows positive correlations between the BP measured in each period with UACR, IVS, LVPW and IMT, and BP measured in each period affected the UACR, LVMI and IMT in the linear regression after adjusting for covariates, except for LVMI in the nontreatment group (Table 6 ). After simultaneously inputting MBP and NBP into the regression equation, NBP affected the UACR (b=0.013, P = .052 for the non-treatment group; b=0.012, P = 0.012 for the treatment group) and LVMI in the treatment group (b=0.268, P = .019) and IMT in the treatment group (b=0.002, P = .050) independent of the MBP.
Relationship between MBP and subclinical TOD
ROC curve analyses
In the treatment group, BP measured in all periods discriminated a UACR indicating damage and left ventricular hypertrophy. NBP and 24-hour BP had larger AROC values. However, they were unable to discriminate left ventricular hypertrophy or thickened IMT in the nontreatment subgroup. Only NBP discriminated a thickened IMT in the treatment subgroup ( Table 7 ). The ability of NSBP to predict microalbuminuria in the nontreatment group was increased by 6% compared with MSBP (IDI = 0.06, P = .002). In the treatment group, the ability of NSBP to predict microalbuminuria and left ventricular hypertrophy increased by 4.7% (IDI = 0.047, P = .01) and 4.5% (IDI = 0.045, P = .003), respectively, compared with MSBP.
Discussion
In the present study, patients with a controlled MBP did not display control of NBP and 24-hour BP. In the treatment group, approximately 39.4% hypertensive patients had masked uncontrolled nocturnal hypertension when MBP was controlled. The morning BP did not affect subclinical TOD independent of night time BP in the treatment group. MBP was less sensitive to predict early kidney damage and left ventricular hypertrophy than night time BP. Pearson correlation analysis between each period's SBP and subclinical TOD in patients. Similarly, Little P et al also reported a good correlation between HBPM and daytime BP measured using ABPM. [25] Although the study used HBPM, the recommended time period for measurement often coincides with the defined morning BP, and other researchers also found that MBP measured using HBPM or ABPM displayed good agreement. [26, 27] On the other hand, MBP displayed poor agreement with NBP in the present study. Morning BP is related to the morning surge and NBP. [28] Approximately 12.4% of patients had isolated nocturnal hypertension in our survey. These data explain our findings. More importantly, a higher percentage than Japan morning surge home blood pressure (J-HOP) study, [29] nearly 40% patients had masked uncontrolled nocturnal hypertension while whose MBP were controlled in our study, and these patients had a higher IMT and UACR. This result reflected a terrible fact that masked nocturnal hypertension remains unrecognized by conventional HBPM. The use of morning BP monitoring as a breakthrough in hypertension management in addition to stressing the control of early morning BP has great clinical significance to identify masked nocturnal hypertension.
BP measured in all periods correlated with subclinical TOD, and more obvious correlations were observed in the treatment subgroup in the present study. However, MBP did not independently affect subclinical TOD indicators. MSBP appeared to display less power in discriminating subclinical TOD than NSBP, particularly the UACR. Although the UACR is an indicator of early renal damage, the kidney is an organ with a high level of perfusion, and damage to the renal afferent arteriole Table 6 Multiple linear regression analysis between each period's BP and subclinical target organ damage in patients (b±SE). and efferent arteriole exerts an important effect on the UACR, [30] suggesting that nighttime BP may directly reflect blood vesselrelated TOD. The findings were inconsistent with the results reported in some studies. [15, 16, 31, 32] We believe that a crucial explanation for the difference is the BP measurement method. These previous studies used HBPM. Nighttime BP was measured 2 hours before subjects fell asleep. Obviously, this measurement would not objectively reflect virtual BP during sleep. [33, 34] The J-HOP study reported a sleeping BP (measured 3 times during sleep at 2 AM , 3 AM , 4 AM) measured using a new home BP monitoring device that was approximately 10 mm Hg lower than BP measured 2 hours before the subject fell asleep and acquired a similar result that the associations of home sleep SBP with UACR remained significant after controlling for clinical SBP and home monitored morning SBP. [28] Furthermore, Andreadis EA et al verified that the sleeping BP measured using this new HBPM equipment displayed good consistency with nighttime BP measured using ABPM. [35] These results confirm the reliability of our findings and highlight the importance of monitoring nighttime BP.
(a)
Some limitations of this study should be acknowledged. The first was the cross-sectional design that did not allow us to determine whether morning BP predicts cardiovascular events independently of BP measured in other periods. The second was that we do not have data on HBPM, and thus the true difference between bedtime blood pressure and nighttime BP in our sample was unknown.
In summary, the use of MBP as a monitoring target during hypertension management may not be enough. The recognition of masked, uncontrolled NBP has important clinical significance.
